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Spectroscopy and Spectral Analysis
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Fig. 1 Six color stages for tomato fruit according to their surface and internal colors
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Schematic of the single point visible and near-infrared spectral measurement systems
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Table 1 Classification accuracy obtained by partial least squares discriminant analysis models using single spatially-resolved spectra

and their combinations as well as SP Vis/NIR spectra for classification of tomato surface color

Training Set Test Set
Range Mean Range Mean
SR Spectra Single (CH7) 0. 844~0.992 0. 960 0.738~0.950 0. 887
Combination (CH7— 6, 3) 0. 983~1. 000 0.995 0. 950~0. 988 0. 969
SP Vis/SWNIR 0.933 - 0. 863 —
SP NIR 0.997 - 0. 950 -
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Table 2 Optimal SR spectra combination, SP Vis/SWNIR and SP NIR spectra for six color stages classification based on tomato

surface color in testing set by using PLSDA model

Calibrati Prediction
Type of Color /i IC rftlc(;n Lich A
ccura . . _ight urac
Spectra stage % Green Breaker Turning Pink rlfd Red Ci‘/uv/ruqcy
Green 100 42 0 0 0 0 0 100
Breaker 100 0 37 1 0 0 0 100
Optimal SR Turning 100 0 0 39 0 0 0 97.5
Spectra .
< L Pink 100 0 0 0 40 0 0 100
Combination
Light red 100 0 0 0 0 44 0 95.7
Red 100 0 0 0 0 2 35 100
Green 100 42 3 0 0 0 0 100
Breaker 92.1 0 31 14 0 0 0 83.8
sp Turning 86. 7 0 3 22 1 0 0 55. 0
Vis/SWNIR
S Pink 91.7 0 0 4 39 1 0 97.5
pectra
Light red 90. 7 0 0 0 0 39 1 84.8
Red 98.5 0 0 0 0 6 34 97.1
Green 100 41 1 1 1 0 0 97.6
Breaker 100 0 35 6 0 0 0 94. 6
SP Turning 98.3 0 0 32 0 0 0 80. 0
NIR
S Pink 100 1 1 1 39 0 0 97.5
pectra
Light red 100 0 0 0 0 46 0 100

Red 100 0 0 0 0 0 35

100
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Table 3 Classification accuracy obtained by partial least squares discriminant analysis models using single spatially-resolved spectra

and their combinations as well as SP Vis/NIR spectra for classification of tomato internal color

Training Set Test Set
Range Mean Range Mean
SR Spectra Single (CH15) 0.775~0. 894 0. 858 0.733~0.813 0.776
Combination (CH15, 10, 4, 11) 0.861~0. 897 0. 877 0.792~0. 846 0. 815
SP Vis/SWNIR 0. 861 - 0. 767 -
SP NIR 0. 861 — 0.779 —

T 2. 2000 5. 0%, pesh, WD, R — SR L
55 fe 2% B — SRl %) Fosh AR B 4y 2 22 Ak H 10,906
1M SR GGG . ADK 274/ 8] 6.8%. 15 5. 10 %5, 4
M 115 SR G XT R 6 P46 I 2 B 43 5 0 36, 16, 6
120 mm g % N IR 2 M B i SROLIEAL & . oK

AN 0.846, LL A fEH — SR OGP KA R & T
4100, T H . XA AL SR 3% K E 43 S ot UG I 4 BE RS
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Tl PN TR AR S B o R X T A R BT A P, SP
Vis/SWNIR St 3% Al SP NTR S 3 A8 48 76 Il 25 5 i 2 ik 4



3590

S 4 BT

%39 &

A UE KA 43 AL, 43 AE 86 %6 AN 77 %5 A2 AT, L SR )6
LA THET 4% 8 9% .. BARM IR HI UL SP Vis/NIR
TR FH T P9 A 1 A S Xt DA 5 — T T S
SR 4%t SP Vis/NIR i X6 25 4 P9 3 41 € 374k 50 BLAT L 3
FAHHT HAM SR LA A, SP Vis/SWNIR i Al
SP NIR Y6 i %t 7 4t P 3B 7S A B S5 G iR 31 . feflt SR J6 i
HE WA YRA Green B Bt B9 % il » Red B Bk 2, 7] RE
TRV BEFMBOCE R —, 55100, X —4iediE i
F SP Vis/SWNIR S ji§ 1 SP NIR J¢ itk . e sh ., Hefl SR ik
ZH4F0 SP Vis/SWNIR J% 3% XF Green 1 Red W [ Bt 4 31 51
R T SP NIR J6i%, Ui et SR J6ilb 4l & M SP Vis/
SWNIR Y3 X B — B 64 37 4l 58 B I o % F = 0 A4 3 6

S5, Bl SR G I A A X Il 2 B 1Y 3 % v Ay 56 AR X H R 2
— TE 8400 ~88 0 A . YNGR T A A HL P AR K 5 o T 1K 4
S5, INZRAE T S il 283 i B B B 0 a4 TR 2 AR
MEB R . X F SP Vis/SWNIR J¢i% 1 SP NIR J¢ i . % % i
Turning By B 21647 ) 3 25 » Breaker By BRik 2, i i SR
TR G 5 Z AR . 76T AR AT T, Breaker # Turning
B B T R B E WIIT 4728 4. BBUE 43 A SR A 5, 1
WG R S AEAE — E RE . 2R . SR OG5 W] R 4R F il
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Table 4 Optimal SR spectra combination, SP Vis/SWNIR and SP NIR spectra for six color stages classification based on tomato in-

ternal color in testing set by using PLSDA model

- . Calibration Prediction
Type of Color A Lk A
ccuracy ) . . _ight ccuracy
Spectra stage M 4
P g /% Green Breaker Turning Pink red Red /%
Green 100 36 6 0 0 0 0 100
Breaker 84.0 0 23 7 0 0 0 67.6
Optimal SR Turning 84. 6 0 5 35 4 0 0 77. 8
Spectra .
< L Pink 88.1 0 0 3 36 2 0 83.7
Combination
Light red 88. 2 0 0 0 3 37 3 86. 0
Red 94. 3 0 0 0 0 4 36 92.3
Green 100 36 7 0 0 0 0 100
Breaker 68.0 0 21 11 0 0 0 61.8
Sp Turning 85. 9 0 6 26 7 0 0 57. 8
Vis/SWNIR A i
S Pink 84.7 0 0 8 35 3 0 81.4
pectra
Light red 78. 4 0 0 0 1 30 3 69. 8
Red 95.7 0 0 0 0 10 36 92.3
Green 100 35 6 1 0 0 0 97.2
Breaker 80. 0 0 23 10 0 0 1 67.6
Sp Turning 79.5 0 4 29 9 0 0 64. 4
NIR A
S Pink 81.4 1 0 5 31 7 1 72.1
pectra
Light red 86. 3 0 0 0 3 35 3 81.4
Red 91.4 0 1 0 0 1 34 87.2
2.3 g 1% DX 30k B a9 R B € AT 00 A3 A O 38 i O 1k A A TR
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Assessment of Tomato Color by Spatially Resolved and Conventional Vis/
NIR Spectroscopies

HUANG Yu-ping' . LIU Ying', YANG Yu-tu', ZHANG Zheng-wei* , CHEN Kun-jie®"
1. College of Mechanical and Electronic Engineering, Nanjing Forestry University. Nanjing 210037, China
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Abstract The paper reported the comparison of recognition for tomato surface color and internal color by spatially resolved and
conventional single point visible and near infrared (SP Vis/NIR) spectroscopy. Spatially resolved (SR) spectra and SP Vis/NIR
spectra were acquired using the newly spatially resolved spectroscopy system (wavelength: 550~1 650 nm), the portable Vis/
NIR spectrometer (wavelength: 400~1 100 nm) and the portable NIR spectrometer (wavelength: 900~1 700 nm), for 600
“Sun Bright” tomatoes with six color stages (green, breaker, turning, pink, light red and red) , based on their surface and inter-
nal color distribution, respectively. Partial least squares discriminant analysis (PLSDA) models for SR spectra and SP Vis/NIR
spectra were developed and compared. The results showed combination of the SR spectra could further improve the classification
of tomato color based on optimal single SR spectra, with classification accuracy for surface and internal color of 98.8% and
84. 6% » respectively. The SR spectra with short source-detector distance were useful for recognition of tomato surface color,
while SR spectra with large source-detector distance could better assess tomato internal color. The NIR spectra were comparable
with SR spectra for tomato surface recognition with classification accuracy of 95% , however, SP Vis/NIR spectra could not
evaluate tomato internal color accurately, and the classification accuracy was much lower than that of SR spectra, which indica-

ted that SR spectra have great potential for the recognition of tomato color.

Keywords Spatially resolved spectra; Visible and near infrared spectra; Combination of SR spectra; Tomato color; Discrimina-

tion analysis

* Corresponding author (Received Oct. 17, 2018; accepted Feb. 14, 2019)





